Nicotinamide adenine dinucleotide phosphate oxidase 4 mediates the differential responsiveness of atrial versus ventricular fibroblasts to transforming growth factor-β.
Atrial fibrosis, a common feature of atrial fibrillation, is thought to originate from the differential response of atrium versus ventricle to pathological insult. However, detailed mechanisms underlying the regional differences remain unclear. The aim of this study was to investigate the related factor(s) in mediating atrial vulnerability to fibrotic processes. We first compared the response of cultured atrial versus ventricular fibroblasts with transforming growth factor-β (TGF-β), a key mediator of myocardial fibrosis. Atrial fibroblasts showed a stronger response to TGF-β1 in producing extracellular matrix protein (collagen and fibronectin) than ventricular fibroblasts. Furthermore, TGF-β1 activated its downstream signaling (Smads) and induced pronounced oxidative stress, including up-regulation of nicotinamide adenine dinucleotide phosphate oxidase in atrial fibroblasts, and to a lesser extent in ventricular fibroblasts. Nicotinamide adenine dinucleotide phosphate oxidase inhibitors and small-interfering RNA for Nox4 eliminated TGF-β-induced difference between atrial and ventricular fibroblasts, suggesting the crucial role of Nox4 in mediating the atrial-ventricular discrepancy. Small-interfering RNA for Smad3 also suppressed the differential responsiveness of atrial versus ventricular fibroblasts to TGF-β1, including Nox4 activation, implicating a crosstalk between nicotinamide adenine dinucleotide phosphate oxidases and Smad. In vivo, the increased TGF-β1 responsiveness and Nox4 expression were documented in the atria of transgenic mice with cardiac overexpression of TGF-β1. Atrial fibroblasts show greater fibrotic and oxidative responses to TGF-β1 than ventricular fibroblasts. Nox4-derived reactive oxygen species production mediates the susceptibility of atrial fibroblasts to TGF-β1 via activating TGF-β1/Smad signaling cascade, which provides a novel insight into the pathogenesis of atrial fibrosis.